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SUMMARY 
Differential settlement at the bridge approach between the deck and rail track on ground is often considered 
as a source of challenging technical and economical problem. This caused by the sudden stiffness changes 
between the bridge deck and the track on ground, and changes in soil stiffness of backfill and sub-grade 
with soil moisture content and loading history. To minimise the negative social and economic impacts due to 
poor performances of railway tracks at bridge transition zones, it is important , a special attention to be given 
at design, construction, and maintenance stages. It is critically challenging to obtain an appropriate design 
solution for any given site condition and most of the existing conventional design approaches are unable to 
address the actual on-site behaviour due to their inherent assumptions of continuity and lack of clarifying of 
the local effects. An evaluation of existing design techniques is considered to estimate their contributions to 
a potential solution for bridge transition zones. This paper analyses five design approaches: the Chinese 
Standard, the European Standard with three different approaches, and the Australian approach. Each 
design approach is used to calculate the layer thicknesses, accounting critical design features such as the 
train speed, the axle load, the backfill and subgrade condition, and the dynamic loading response. 
Considering correlation between track degradation and design parameters, this paper concludes that there 
is still a need of an optimised design approach for bridge transition zones.  
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NOTATION 
S : average track irregularity growth (mm /       
100 days) 
T : annual gross tonnage (million tons / year) 
V : average train speed (km / h) 
M : structure factor 
L : influence factor for rail joint type 
P : influence factor for subgrade  
SA         : track irregularities growth at bridge 
transition zone (mm/100 days)                                                                                                       
SB : track irregularities growth at bridge   
(mm/100 days)  
KA : foundation coefficient at bridge transition 
zone (kN/m/m) 
KB : foundation coefficient at bridge (kN/m/m) 
A : foundation quality factor 
I : influence factor for maximum ballast 
acceleration  
Ÿ2A : maximum ballast acceleration at bridge 
transition zone (m/s2)  
Ÿ2B : maximum ballast acceleration at bridge 
(m/s2)  
Q : load per wheel acting on rail (kN) 
a : sleeper space (m) 
Asb : contact area between sleeper and         
ballast bed for half sleeper (m2) 
kd : half support stiffness (kN/m) 
EI : single rail bending stiffness (kN/m2) 
DAF : dynamic amplification factor 
Cu : Uniformity coefficient  
1. INTRODUCTION 
Poor track geometry critically reduce interaction 
between rail vehicles and track, introducing a 
complex vehicle wheel acceleration by leading for 
a higher sudden impact load on rail track. Serious 
track degradation, commonly known as a ‘bump’ at 
bridge transition zone, caused by such extra 
impact load can significantly impact on rail track 
maintenance cost, where only in the USA, 
approximated annual railway bridge transition 
    
maintenance cost is $200 million [1] and $110 
million in the European region [2]. Such higher 
maintenance cost highlights the requirement of 
appropriate attention on design, construction, and 
maintenance stages of bridge transition zones, 
because of on-going economic crisis in railway 
industry. The fundamental of any design 
framework should therefore address both the 
primary and the secondary causes of track 
degradation to ensure minimum maintenance.  
Uneven stiffness at transition is commonly 
believed in railway industry as the key triggering 
factor for track degradation, though geotechnical 
causes and soil-water response are further 
identified as primary causes. Effects of this uneven 
stiffness can be equalized by effects of track runoff 
[3], where train speed and its direction [4] are 
critical to passenger comfort. Such irregularities 
cause extra dynamic load on vehicle wheel and 
railway track, leading to a higher settlement growth 
within the transition zone. Plotkin and Davis [3] 
however highlighted the involvement of other 
causes to track settlement growth in transition 
zone. 
Plastic deformation and progressive shear failure 
are the primary failure modes in subgrades [5]. 
Absence of principal stress rotation (PSR) effects 
in plastic settlement calculation can introduce an 
unexpected settlement [6] in bridge transition 
zone. Railway track subgrade under repeated load 
typically results plastic deformation due to soil 
resilient modulus variation, which is highly 
sensitive for loading condition, soil type and its 
structure, and soil-water content [7]. Soil-water 
fluctuation in unsaturated soil can introduce 
sudden collapse mechanism under wetting and 
shrinkage cycles in bridge transition zones [8]. 
Non-uniform distribution of soil subgrade stress 
due to different moisture content and loading 
condition can cause differential settlement along 
the track [7]. Conservative design approaches 
should therefore be able to address these causes 
for an optimised bridge transition zones. Current 
bridge transition maintenance cost/rate however 
highlights a requirement of a reanalysis of 
conservative design guidelines to identify the 
fundamentals, followed in these. 
This Paper therefore evaluates five different 
design approaches to identify their strengths and 
limitations of bridge transition zone design. The 
guidelines are the Chinese guidelines, the 
European guidelines with three different 
approaches, and the Australian guidelines. Due to 
lack of available literature, this paper considered 
the Australian guidelines as a control design 
method, which is not specifically developed for 
bridge transition zones.   
2. CORRELATION BETWEEN TRACK 
DEGRADATION AND ITS CAUSES  
Railway track experiences permanent settlement 
within its life time due to critical behaviour of track 
sub structural elements: ballast layer, subballast, 
and subgrade. The settlement growth rate within 
bridge transition zone is much greater than free 
track zone, as an example, in Dutch railway tracks, 
maintenance rate in such zones is three times 
higher than free track [9]. Prediction of possible 
track settlement in design and maintenance stages 
is therefore important to maintain a long-term 
performing track at the bridge transition zone. Due 
to lack of data availability and limitations, the 
methods proposed to estimate track settlement 
within transition zones are unable to use in this 
paper. The scope of this section therefore is to 
understand the correlation between track 
deterioration growth rate and its causes 
theoretically.  
Sato [10] concluded that track settlement is a 
function of track irregularity growth, which depends 
on train traffic, train speed, rail joint type, subgrade 
condition, and ballast acceleration as shown in 
Equation (1). 
  
S=2.09×10-3×T0.31×V0.98×M1.10×L0.21×P0.26  						  (1)   
 
Normalised track irregularities growth at bridge 
transition zone compared to irregularities growth in 
bridge is the main concern of this study, by 
assuming 1) presence of constant train speed and 
traffic in both zones (bridge and its transition zone) 
within a period of one year, 2) availability of ballast 
bridge deck, 3) presence of continuously welded 
rail throughout both zones. Sato [10] suggested 
that structural factor is a function of sleeper’s 
bottom stress due to a wheel load, maximum 
ballast acceleration by wheel impact, flexural 
rigidity of rail, and stiffness per length of rail 
supporting. Maximum sleeper stress can be 
calculated by simplified Zimmerann’s formula 
suggested by Esveld [11], as shown in Equation 
(2). Dynamic amplification factor (DAF) is 
considered by Eisenmann’s increment factor and   
Equation (3) is derived using Equation (1) and (2), 
assuming equal sleeper spacing, constant rail 
bending stiffness, load per acting on rail, and 
contact area between sleeper and ballast bed.  
σsb max=DAF× Q2×Asb ×ඩ
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Where,  
I= Ÿ2 A Ÿ2 B  
൘   																																																																			(4) 
This simplified formula (Eq. 3) is limited to quasi-
static loading conditions of rail track and however, 
dynamic effects are taken into account using 
dynamic amplification factor, which is a function of 
train speed and track quality. Foundation quality 
factor (A), which is always greater than zero 
accounts influence of both track foundation quality 
and dynamic effects. If foundation quality at both 
bridge and its transition zone is equal, influence of 
foundation quality on foundation quality factor 
becomes negligible. Poor subgrade condition 
significantly increases foundation quality factor.  
The minimum boundary of influence factor for 
maximum ballast acceleration is always greater 
than zero, but however, the maximum boundary 
limit of both foundation quality factor and influence 
factor for maximum acceleration is questionable. 
 
 
Figure 1: Influence of foundation quality factor 
on track irregularities growth 
 
Figure 1 illustrates the variation of track 
irregularities growth at a bridge transition zone 
compared to bridge with foundation coefficient at 
bridge transition zone and foundation quality 
factor, when influence factor for maximum ballast 
acceleration is equal to one. Reduction of 
subgrade quality increases foundation quality 
factor, leading for a higher track irregularities 
growth. Increment of foundation coefficient can 
positively affect to reduce the permanent 
settlement of rail track at bridge transition zone as 
shown in Figure 1, due to reduction of track 
irregularities rate. Foundation coefficient at bridge 
(KB) was considered as 90000 kN/m/m for 
evaluating normalised track irregularities growth of 
the transition zone compared to the bridge [11] 
and it is approximately similar to the field 
measured dynamic track modulus  value at ballast 
deck bridge [3].   
Selection of poor soil and variation of groundwater 
level introduce a lower foundation quality, as well 
as foundation coefficient at bridge transition zone, 
leading for a higher degradation growth. This is a 
clear indication of correlation between track 
degradation growth and its causes. Bridge 
transition designs should therefore aim to 
eliminate uneven stiffness variation by increasing 
foundation coefficient along the transition zone 
and introducing a higher foundation quality by 
quality material with a proper compaction and a 
better drainage system. After analysing literature, 
three basis models are identified for bridge 
transition designs, which are developed to address 
above critical conditions. Typical sketches of 
identified three basis models for bridge transition 
designs are shown in Figure 2-4 and different 
codes adapt these three basis models according 
to their experiences.      
 
Figure 2: Model 01 
 
 
Figure 3: Model 02 
 
    
 
Figure 4: Model 03 
   
3. DESIGN GUIDELINES  
3.1 Chinese Guideline  
The basis of both Code for design on subgrade of 
railway (TB10001-2005) and Code for design 
railway track (TB10082-2005) is to achieve railway 
subgrade requirements with adequate stiffness 
and stability for ensuring minimum maintenance 
cost [12, 13].  Train load, train speed, subgrade 
soil type, and rail and sleeper type are the major 
concerns in rail track class classification and 
determining layer thicknesses of a particular rail 
track class in Chinese guidelines. Figure 5 
illustrates calculated layer thicknesses for each rail 
class, by accounting annual gross traffic and 
design velocity of passenger trains. Each rail track 
class has its own unique properties in estimating 
layer thicknesses. For an example, for class 5, 
design layer thicknesses are 0.2 m and 0.15 m for 
ballast and subballast, respectively, under track 
conditions: less than 8 MGT annual gross traffic 
tonnage, less than or equal 80 km/h design train 
speed, and 50 kg/m rail type, while for class 1, 
they are 0.3 m and 0.2 m, respectively, for track 
conditions are: greater than 50 MGT annual gross 
traffic tonnage, from 160 km/h to 120 km/h design 
train speed, and 75 kg/m rail type. For ensuring 
better foundation support, TB10001-2005 
suggests having 0.6 m thick surface layer and 1.9 
m thick bottom layer as subgrade bed layers.    
Particle size distribution, liquid limit and plastic 
index are critical in selection of filling materials for 
these two subgrade layers. TB10001-2005 has 
however identified that the application of only 
these layers is not adequate to minimize the 
effects of stiffness change within bridge transition 
zones. It therefore proposes to stiffen the transition 
zone by filling concrete or compacting with cobble 
backfilling by layer by layer, which follows the 
principles of model 01. Properties of concrete and 
cobble filling are however unfortunately not 
available. This approach further eliminates the use 
of the bottom layer of subgrade bed within the 
transition zone; however maintain a constant 0.6 
m subgrade surface layer thickness. 
Corresponding ballast and subballast layer 
thicknesses within the bridge transition zone for 
different rail track classes can be determined, 
using Figure 5. 
 
 
Figure 5: Layer thickness variations with 
Chinese codes 
3.2 UIC 719R Guideline  
International union of railways [14] 
recommendation is based on quality of subgrade 
material in layer thickness design. Four quality 
classes: QS0, QS1, QS2, and QS3 are defined 
considering particle size distribution. QS0 soil 
category is unsuitable to use without proper 
improvement for railway. It further accounts 
sleeper type and its length, axle load, train speed, 
application of geotextile, and train traffic in 
determining layer thickness. UIC 719R doesn’t 
however allow to calculate separate layer 
thicknesses for ballast and subballast layers since 
it only estimates equivalent layer thickness for 
both layers. 
UIC 719R proposes to determine design railroad 
traffic capacity as equivalent tonnage, referring to 
the UIC 714 guideline [15], which accounts the 
real traffic mix of passenger and freight traffic, 
maximum train speed, minimum train wheel 
diameter and maximum axle load. Figure 6 shows 
some examples of the practises of, which 
equivalent layer thicknesses have been calculated 
using the UIC 719R guidelines. Assumed equal 
mixed traffic condition with both passenger and 
heavy haul trains and design track class is heavy 
haul, where design annual tonnage is therefore 
100 MGT [16]. Only concrete sleepers are 
considered and length of a sleeper is 2.5m [16]. 
The train speed is considered as 160 km/h, 
considering current maximum design speed of any 
train in Australia [17]. 
The equivalent layer thickness increases with axle 
load increase as shown in Figure 6. Quality of both 
the subgrade and prepared subgrade (structural 
fill) is critical in determining the layer thickness. As 
an example, the equivalent layer thickness can 
significantly increase (by about a factor of 1.4) by 
changing both subgrade and prepared subgrade 
materials from QS3 to QS1. The equivalent layer 
    
thickness can however be significantly reduced (by 
about a factor of 0.7) by changing prepared 
subgrade soil type from QS1 to QS3 for subgrade 
type QS1. 
 
 
Figure 6: Layer thickness variation for different 
axle loads 
 
UIC 719R proposes number of design approaches 
for bridge transition zones, summarising 
experiences in different European regions. It 
highlights requirements of gradual transition of 
support stiffness to minimise the differential 
settlement within bridge transition zones to 
enhance the long-term performance. This paper 
only considers three bridge transition zone design 
approaches in UIC 719R: SNCF method (France's 
national state-owned railway company), MAV 
method (Hungarian railway), and DB method 
(German national railway).  
DB method recommendations on transition zone 
design adapt the principles of Model 03, where 
transition zone is developed as a stair-stepped 
zone, using gravel material with Cu greater than 5. 
DB approach proposes to use only two steps 
within stair-stepped zone and its dimensions are 
not however appropriately defined. It further 
recommends an intermediate zone between stair-
stepped zone and embankment zone to change 
the stiffness within transition zone gradually and its 
geotechnical/material properties are not clearly 
mentioned. To calculate the equivalent layer 
thickness within this intermediate zone, Figure 6 
can be applicable. For example, equivalent layer 
thickness is 0.45m for this zone under following 
requirements: 200 kN maximum axle load, QS3 
quality class for both subgrade and structural fill, 
100 MGT annual tonnage, and 160 km/h train 
maximum speed.  
Hungarian railway adopts the Model 02 for 
developing a gradually stiffened transition zone. It 
further proposes having a backfill with greater than 
5, Cu values within bridge transition zone where 
modulus of deformation (EV2) obtained on 2nd 
loading in plate bearing test is higher than 
40MN/m2. It further proposes 0.50 m thick 
foundation layer with EV2 higher than 80 MN/m2 
and following a 0.20 m thick subballast layer on 
top of backfill. Ballast layer thickness can therefore 
be 0.25m under the same conditions mentioned in 
example of DB method. MAV approach clearly 
identifies the possible influence area of a bridge 
transition zone by claiming the embankment 
height.  
SNCF proposes an advanced method to ensure 
minimum differential settlement and gradual 
stiffness variation along the bridge transition zone. 
The basic of its approach is based on Model 01 
and it further develops this basic model by dividing 
transition zone into two zones and adding a 
cement stabilised gravel layer on the top of these 
two zones. Nearest zone to bridge is filled with 
cement stabilised or compacted with well graded 
soil to 100% of modified Proctor density and 
intermediate zone between above zone and 
embankment is with gravel, compacted to 95% of 
modified Proctor density. Cement stabilised gravel 
layer replaces the structural fill and subballast 
layer within transition zone. This stabilised layer 
has a higher gradient towards bridge, for 
introducing gradual stiffness variation by changing 
ballast layer thickness. The gradient of this 
stabilized layer is however not mentioned in UIC 
719R and also properties of both stabilized layer 
and backfilling layers. Due to lack of information in 
UIC 719R on SNCF approach, it is difficult to 
calculate ballast layer thickness variation along the 
bridge transition zone.   
3.3 ARTC Guidelines 
This paper considers, ARTC approach as a control 
design method, due to lack of available information 
about bridge transition zone design. California 
Bearing Ratio (CBR) is the basis of ARTC 
guidelines, in designing layer thicknesses of 
railway track. Figure 7 illustrates a typical track 
design model, including subgrade, structural fill, 
capping layer, and ballast layer. Standard ballast 
layer thickness (from top of capping layer to 
bottom of sleepers) varies from 300 mm to 150 
mm according to track class types [18]. Heavy 
haul, interstate, and light weight are key three 
track class types in ARTC classification system, 
which accounts maximum train speed and axle 
load for defining track class [17]. ARTC proposes 
a 150 mm thick capping layer to improve track 
support, fill in irregular over-break situations in 
rock excavation for assisting in drainage, and 
provide a drainage barrier for shed storm water 
from subgrade [19].  
Application of   geotextile/geogrid within layers is 
critical in rail track foundation design, since 
inappropriate placing can severely effect on rail 
track performance. Its filtering performance is 
however negligible under application of higher 
    
dynamic load conditions such as bridge transition 
zones or/and inadequate compaction of capping 
layer. Performance of geotextile separation 
between capping layer and structural fill or 
subgrade and structural fill can reduce thickness of 
the fill.      
    
 
Figure 7: Typical design section of rail track 
(after reference [19]) 
 
Figure 8 illustrates rail track layer thickness for 
different rail track classes. Layer thickness of 
structural fill depends on quality of subgrade soil 
types in ARTC guidelines and  it recommends 
having structural fill material with greater than or 
equal 8 CBR for ensuring better foundation 
condition for the rail track. The experience gained 
from theoretical and practical assessments of 
different loading conditions is the major concern, in 
determination of ballast layer thickness calculation. 
ARTC recommends constant layer thicknesses for 
ballast and capping layers for a particular railroad 
class. 
 
 
Figure 8: Layer thickness variations for 
different track classes 
4. DISCUSSION  
To construct an optimised railway track, 
understanding of physical mechanism of track 
deterioration and relationship between track 
design parameters and long-term track 
maintenance requirements is essential [20]. The 
causes of poor long-term performance of railway 
track at the bridge transition are briefed in 
Introduction section of this paper. Previous study 
shows that different design guidelines account 
different design parameters in designing track 
layer thicknesses for a free track zone [21]. This 
paper therefore analyses design parameters, 
accounted in designing bridge transition zone with 
railway track in different guidelines as shown in 
Table 1.        
Every guideline except Chinese guidelines 
accounts the influence of static wheel load in 
determining track layer thickness. Application of 
static wheel load to design bridge transition zone 
is however questionable since none of guidelines 
mention its influence on transition zone design. 
Absence of dynamic effects in designing bridge 
transition zone critically impacts on track 
deterioration within transition zone, since dynamic 
amplification factor dramatically increases with 
train speed, where train speed is close to Rayleigh 
speed [11]. Kerr and Moroney [4]  concluded that 
direction of train movement can generate extra 
dynamic wheel load on the railway track within 
bridge transition zone causing permanent rail 
deformations, fouled ballast and hanging cross 
ties. None of design guideline is taken in to 
account such extra dynamic load for designing 
bridge transition zone. 
All guidelines in table 1 consider annual tonnage 
for design layer thicknesses. Australian railway 
tracks (heavy haul class) experience a higher 
annual tonnage, 100 MGT compared to other 
countries, where in UK, 15 MGT/year with mixed 
traffic (heavy haul and passenger) [21] and in 
USA, 60 MGT/year with heavy haul [22]. 
Cumulative tonnage within its design period can 
therefore be significantly impact in Australian 
railways to control track degradation rate at the 
bridge transition zone. Such higher cumulative 
tonnage can introduce a higher track deterioration 
growth at bridge transition zone compared to 
bridge zone because of soil creeping, soil wetting 
and shrinkage cycles, and ballast breakdown. 
There is however no sign of consideration of 
cumulative tonnage in designing bridge transition 
zone in any of design guidelines considered in this 
study.   
Subgrade quality typically controls whole 
performance of railway track at both free track and 
bridge transition zone. ARTC and UIC 719R 
guidelines in determining layer thicknesses 
account subgrade quality by concerning bearing 
capacity and percentage of fine respectively.    
Chinese guidelines however do not account its 
influence while designing layer thicknesses. 
However, it considers subgrade quality when 
designing effective width of the track, which can be 
able to reduce deviator stress at lower layers of 
railway track. Principal stress rotation (PSR) under 
    
cyclic loading can significantly influence on 
accumulation of plastic strain in subgrade soil [6].  
 
 
 
Design 
Parameter 
Chinese 
guidelines 
UIC 719R guideline ARTC 
guidelines DB approach MAV approach SNCF 
approach 
Static wheel 
load 
No 
information 
Yes Yes Yes Vary with track 
class 
Dynamic 
wheel load 
No No No No No 
Train speed  Vary with 
track class 
Yes Yes Yes Vary with track 
class 
Train 
direction 
No No No No No 
Annual 
tonnage  
Vary with 
track class 
Yes Yes Yes Vary with track 
class 
Cumulative 
tonnage 
No No No No No 
Subgrade 
condition 
No 
information 
Yes, Soil 
quality class 
from 
percentage of 
fine 
Yes, Soil quality 
class from 
percentage of fine 
Yes, Soil quality 
class from 
percentage of 
fine 
Yes, different 
bearing 
capacity 
classes  
Principal 
stress 
rotation 
No No No No No 
Stiffness 
change 
(between 
bridge & its 
transition) 
 
 
Yes 
 
 
Yes 
 
 
Yes 
 
 
Yes 
 
 
No 
Sleeper type Yes Yes Yes Yes Yes 
 
Table 1 Design parameters accounted in different design guidelines 
 
Inam et al. [23] further extended this idea by 
proving PSR’s sensitivity to soil moisture in 
unsaturated base course materials based on the  
results from multi-ring shear test, which can 
reproduce actual stress state under train load [24]. 
The actual scenario of unsaturated subgrade 
under cyclic load is more complex and it will 
obviously settle more than base course materials 
under PSR. Absence of consideration PSR 
influence in designing, therefore, significantly 
impacts on track degradation growth in bridge 
transition zone.  
Understanding the relationship between track 
degradation and its main causes is important to 
design a bridge transition zone with long-term 
performance. According to Figure 1, there is 
apparent correlation between foundation stiffness, 
foundation quality and track irregularities growth. 
ARTC approach, as a control method is unable to 
address sudden stiffness change between bridge 
and its transition zone. This will introduce a lower 
foundation coefficient at bridge transition zone 
compared to bridge, which ultimately leads for a 
higher track irregularities growth within transition 
zone as shown Figure 1. Such growth can become 
worst due to poor subgrade quality and higher 
pore water pressure since this can be critical on 
foundation quality factor, which increase with poor 
quality of foundation. In DB approach, there is no 
sudden change of stiffness just after bridge, but 
after gravel filling. Such circumstance will shift 
problematic zone from bridge-transition interface 
to rear boundary of gravel fill from bridge. 
Concrete filling in bridge transition zone can 
generate a poor interaction zone between 
concrete filling and structural filling, which can 
increase pore water pressure within this zone, due 
to absence of filtering layer between concrete 
    
filling and embankment. This increased pore water 
pressure can reduce foundation quality factor 
leading for a higher settlement rate in this zone. 
Actual influence of pore water pressure increment 
on foundation quality under cyclic load is however 
yet to be solved. SNCF proposes cement 
stabilized gravel layer at the bottom of ballast 
layer, where its behaviour can be considered as 
an approach slab. Settlement of embankment soil 
or subgrade can redistribute load to end of the 
approach slab, which can introduce a shifted track 
degradation growth at the end of approach slab 
from the edge of bridge [25]. Pore water pressure 
behaviour at bottom of approach slab is also more 
complex and available knowledge is insufficient to 
evaluate this behaviour.   
5. Conclusion  
Understanding of mechanism behind track 
degradation growth at bridge transition zone is 
important in designing countermeasures to 
minimise the settlement within this zone. This 
paper analysed five different design approaches, 
followed by different countries to overcome 
permanent settlement within transition zone. 
Based on the analysis, the following conclusions 
are obtained: 
1. These approaches apply different strategies 
to design bridge transition zones and 
railway track. Extra dynamic load generated 
at this zone is however not included in track 
layer thickness calculations.  
2. UIC 719R with different three European 
approaches and the Chinese approach 
follow similar principle to change sudden 
track modulus variation between bridge and 
its transition zone, by gradually increasing 
track modulus along the transition zone 
towards the bridge, whereas ARTC 
approach uses the standard formation 
design also for the transition zone. 
3. Most of these guidelines are based on 
experiences and the theoretical background 
of layer thickness calculation is hidden. 
Basic assumption is therefore that these 
approaches are applicable under any site 
condition to bridge transition design, except 
ARTC guidelines since it is considered as a 
control method. 
4. Critical behaviour of track layers due to 
PSR, train direction and pore water 
pressure under cyclic loading condition is 
not obvious from the solutions reported. 
5. Drawbacks of bridge transition zone design 
guidelines can introduce a higher track 
irregularities growth within transition zone 
compared to bridge zone, ultimately leading 
for a permanent settlement at the bridge 
transition zone. 
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